This paper analyzes 31 months of data on 137 single-stock futures (SSFs). The results indicate that SSFs contribute approximately 24 percent of the price discovery for underlying stocks. Information revelation in the SSFs market increases with the ratio (futures to stock market) of volumes, decreases with the ratio of spreads, and decreases with the volatility in the stock market. Moreover, the quality of the market for the underlying stocks improves substantially following the introduction of the SSFs market, with the largest improvement occurring on days with SSFs trading. Evidence also suggests that there exists both market-and security-level learning in the SSFs market which is associated with greater efficiency over time.
impounded into prices through trading, then the ability of informed traders to trade in derivative markets implies that the derivative trading process is not redundant.
Similarly, Back (1993) argues that trades in derivatives versus trades in their underlying assets convey different information. This implies that derivative trading can affect underlying security prices because it changes how information is revealed in prices and trading volume.
Moreover, Kraus and Smith (1996) suggest that trading in derivatives can alter the equilibria in markets for underlying securities either by reducing the information asymmetry or by allowing investors to conjecture additional uncertainty about the future prices of underlying securities.
Another possible reason for the existence of a relation between derivative and primary markets is suggested in Nandi (1999) . Specifically, Nandi argues that there is a relation between trading in derivative markets and private information about underlying stock volatilities, with higher levels of derivative trading activity indicating less private information. In this framework, derivative trading intensity affects stock price behavior because it provides information on the uncertainty regarding volatility estimates.
Along a similar vein, John, Koticha, Narayanan, and Subrahmanyam (2003) suggest that informed traders prefer trading in derivatives given their advantages over underlying stocks.
These advantages stem from the inherent financial leverage in a derivative position, the lower transaction costs associated with establishing a derivative position, and the fact that one can take a bearish position in a derivative without being subject to short sale restrictions that exist on underlying stocks.
Finally, arbitrage links that exist across derivative and underlying markets should allow for the transmission of price changes from one market to the other. Thus, because of interconnected markets, trading activity in derivative markets should affect the market microstructure of underlying stock markets.
A number of studies empirically examine the associations between the existence of derivative markets and the behavior of stock prices. In the context of the futures market, most studies focus on the impact of futures trading on the volatility of underlying asset prices. The results of these studies are mixed, with some finding that futures trading is associated with increases in volatility, and others reporting the opposite result. 6 With respect to the impact of SSFs trading on individual stock volatility, the results indicate that the introduction of futures trading is associated with a decrease in the underlying stock volatility (e.g., McKenzie, Brailsford, and Faff, 2001) .
Studies on the impact of option markets are varied with a number of studies analyzing whether the listing and expiration of derivatives impact the dynamics of underlying stock prices. Stoll and Whaley (1987) analyze the behavior of stock trading volume and volatility in the last hour of trading on triple-witching Fridays. 7 They find that trading volume and volatility are higher than normal in this hour, and attribute the result to higher levels of program trading.
The argument that options provide a venue for information-based trading receives empirical support from a number of studies. For example, Amin and Lee (1997) find that option trades lead trades in underlying stocks during periods of earnings news dissemination. This suggests that option trading activity impacts the pricing dynamics of underlying stocks through its effect on the level of information asymmetry for stocks.
Blume, Easley, and O'Hara (1994) show that option trading volume provides evidence regarding the quality of information that cannot be deduced from prices. Similarly, Pan and Poteshman (2006) show that signed option volume provides information about stock returns. In the context of takeovers, Cao, Chen, and Griffin (2005) find that the option market plays an important role in price discovery prior to the announcement of takeovers. Chakravarty, Gulen, and Mayhew (2004) report that the option market contributes on average 17.9 percent of the price discovery in the underlying stocks. 8 These results collectively suggest that trading in options provides information about prices for underlying securities.
In a related study, Mayhew, Sarin, and Shastri (1995) find that decreases in equity-option margin requirements are associated with increases in bid-ask spreads and trade informativeness and decreases in quoted depth for underlying stocks. In an analysis of the impact of option listings on the market microstructure of underlying stocks, Kumar, Sarin, and Shastri (1998) conclude that the listing of options results in improved market quality for underlying stocks. They draw this conclusion from evidence that the introduction of options is accompanied by decreases in stock volatility, bid-ask spreads, and information asymmetry and an increase in quoted depths.
9
In contrast to previous work, the purpose of this paper is not to examine the impact of futures trading on stock volatility. Rather this paper seeks to analyze the effects of futures trading on information revelation in underlying stocks. Based on existing results, we expect that the futures market contributes significantly to price discovery for underlying stocks. It must be noted that this hypothesis is based on theoretical predictions derived for interactions between option and stock markets, and not necessarily for interactions between futures and stock markets. On an intuitive level, it is reasonable to assume that if the option market contributes to price discovery in underlying stocks, then one should be able to extend the argument to the futures market since the two markets are related. As a matter of fact, it is often argued that informed traders find the futures market to be a superior venue for trading vis-à-vis the option market since there is a premium associated with options while there is none associated with futures. 8 This figure is based on the mid-point of the average lower and upper bounds of the information share.
9 Similar results for volatility are reported in Trennepohl and Dukes (1979) , Klemkosky and Maness (1980) , Whiteside, Dukes, and Dunne (1983), Bansal, Pruitt, and Wei (1989) , Conrad (1989) , Skinner (1989 Skinner ( , 1997 , Detemple and Jorion (1990) , Stephan and Whaley (1990) , Damodaran and Lim (1991) , Watt, Yadav, and Draper (1992) , Shastri, Sultan, and Tandon (1996) , Bollen (1998), Sorescu (2000) , and Chan, Chung, and Fong (2002) . See Damodaran and Subrahmanyam (1992) for an excellent review of studies that examine the impact of options on underlying securities.
We use the technique suggested by Hasbrouck (1995) to determine the information share of the single stock futures market relative to that of the underlying stock market. Based on 31 months of data on 137 futures and their underlying stocks, our results indicate that the SSFs market contributes approximately 24 percent of the information revelation about individual stocks. The extent of price discovery in the futures market increases with the ratio of volumes in the futures relative to the stock market and decreases with the ratio of spreads in the two markets and the volatility in the stock market. The informativeness of the underlying stocks improves substantially following the introduction of the SSFs market. Moreover, underlying stock market quality is better on days with futures trading vis-à-vis days with no futures trading. Finally, we find evidence of market-and security-level learning based on improving market quality both over calendar and listing (event) time. These results suggest that the futures market plays an important role in the price discovery process for underlying stocks.
The remainder of this paper is organized as follows. The next section provides a description of the evolution of the single stock futures market in the United States. Section 2 provides a description of the data and the Hasbrouck (1995) methodology. Results are presented in Section 3, while Section 4 concludes.
The Single Stock Futures Market in the United States
The Commodity Futures Modernization Act of 2000 repealed the Shad-Johnson Accord and made it legal to trade single stock futures. Figure 1 and percent. The ratio of price volatilities is essentially one.
Methodology
Hasbrouck (1995) presents a methodology to determine the contribution of each market to price discovery when a security trades in multiple markets. Chakravarty, Gulen, and Mayhew (2004) adapt this methodology to analyze the extent of price discovery in the option market using the stock price series implied by the price of call options. The Chakravarty et al. methodology is easily extended to the futures market by calculating the stock price implied by the futures price using a no-arbitrage futures model. Specifically, for single stock futures, the futures price is given
, where S is the stock price, PV div is the present value of the dividends that will be paid on the stock before delivery on the futures, T is the time to delivery, and r is the relevant risk-free rate of return. Therefore, the stock price implied by the futures price is given by S imp = Fe -rT + PV div . If T is small then e -rT will be approximately 1 and if PV div is constant then the implied stock price will be approximately equal to the futures price plus a constant, that is, S imp ≈ F + c. Since we only consider the shortest maturity contracts, the time to delivery, T, is small and, 12 The primary exchange is the exchange where the underlying stock is listed.
therefore, e -rT can be assumed to be approximately 1. 13 In addition, the small time to delivery also implies that the present value of dividends to be paid till delivery can be treated as a constant.
Therefore, we assume that the stock price series that is implied by the futures price is F + c and the change in the implied stock price is equal to the change in the futures price. As a result, we can estimate the information share of the futures market by applying the Hasbrouck methodology directly on the futures price and assuming that the futures market represents another market that trades the stock.
Following Hasbrouck and Chakavarty et al., let V t represent the efficient stock price. This efficient stock price serves as a state variable underlying the observed stock and futures prices.
Then the observed stock and futures prices can be written as:
where ε S,t and ε F,t are zero-mean covariance-stationary processes that represent the pricing errors due to frictions emanating from market microstructure factors. The common efficient price is assumed to follow a random walk:
where u t is mean zero, constant variance, and serially uncorrelated. The cointegrated prices
can be written in terms of an error correction model of order N, that is,
where A i is a 2x2 vector of autoregressive coefficients corresponding to lag i, z t-1 -μ is an error correction term with z t-1 = S t-1 -F t-1 and μ = E(z t ). Alternatively, the price vector can be represented as a vector moving average model: 13 The contract maturity of the SSFs considered is no more than 1 month. 
Results

Information share of the SSFs market
Based on previous theoretical and empirical work, we would expect trading in single stock futures to contribute to the price discovery in the underlying stock. Specifically, we would expect the information share of the futures market (Share F ) to be significantly greater than zero. The information share of SSFs does not appear to depend on the listing exchange of the underlying stock since the average information share is not significantly different across exchanges. Specifically, the mid-point of the information share is 24.3 percent for NASDAQ and the corresponding figure for the NYSE is 24.7 percent. This result indicates that the information share generated by the futures market is independent of the exchange mechanism, either the dealer-driven NASDAQ or the order-driven NYSE, on which the underlying assets trade.
Collectively, the results presented in Tables 2 and 3 provide strong evidence that futures markets, in particular the SSFs market, greatly benefit the price discovery process for underlying stocks.
We next turn to a cross-sectional analysis of SSFs information share.
Cross-sectional analysis of SSFs information share
14 See Coughenour and Shastri (1999) for a review of this evidence.
It was argued earlier that the existence of SSFs will have an impact on information revelation since SSFs are a superior vehicle to exploit information asymmetries. This suggests that improvements in the trading environment for SSFs should result in an increase in the information share of the futures market. We proxy for the quality of the trading environment with two variables: the ratio of the effective spreads in the futures and underlying stock market and the ratio of the trading volume in the two markets. We postulate that the trading environment for SSFs improves if the spread ratio decreases and/or if the volume ratio increases. Therefore, we would expect the information share of the futures market to be negatively related to the spread ratio and positively related to the volume ratio.
Panel A of Table 4 The results in Table 4 provide support for the conclusion that informed traders are attracted to the futures market when trading volume is higher and spreads are lower in the futures market relative to the underlying stock market and when volatility is low in the underlying stock market.
These conditions lead to increased information share for the futures market in the price discovery process of underlying stocks.
The results in Table 4 indicate that the spread ratio is negatively related to the information share in the futures market. This implies that informed traders are attracted to the futures market when the spreads in that market are low relative to the stock market. Thus far we have established the level and some of the determinants of the information share attributable to the SSFs market.
In the next section we attempt to directly measure the impact the SSFs market has on the underlying stock market.
Impact of SSFs trading on the underlying stock market
In this section we consider measures of stock market quality before and after listings on the SSFs market and also during periods with and without trading in the SSFs market. We expect that measures of stock market quality improve with the introduction of the SSFs market and during active trading periods for the SSFs market. Table 5 A more precise test of this hypothesis can be done by examining the adverse selection component of the spread. The bid-ask spread for a stock is generally thought to be comprised of three components: (1) order processing, (2) inventory holding, and (3) adverse selection costs.
The adverse selection component (referred to as lambda) captures the information asymmetry faced by dealers and is intended to compensate them for their losses to informed traders. 15 If informed traders are indeed being drawn to the SSFs market, then we should expect the adverse selection component of stock dealers' quotes to decrease after SSFs get listed. The results of this test are reported in Table 5 . As can be seen from this table, the adverse selection component of the spread decreases from a mean (median) value of 12.3 (11.9) percent in the pre-SSFs listing period to 10.2 (10.4) percent in the post-SSFs listing period with the change being significantly different from zero at the 1 percent level.
Whereas Table 5 considers the pre-and post-SSFs market impact on the stock market, Table   6 considers the impact of days with trading in the SSFs market to days without trading in the futures market on the underlying stock market. If one compares the quoted spreads on SSFs on days when there is no trading in the futures market to those on days with trading, one would expect the average spread to be wider for the non-trading periods. The result of this test is presented in Panel A of The results presented in Panel B of Table 6 are consistent with this prediction. In particular, the percentage effective spread in the stock market is positively related to all three measures of trading intensity and volatility, and negatively related to the trade/no trade dummy.
Again, a more precise test of this hypothesis can be done by examining the adverse selection component of the spread. If informed traders are indeed being drawn to the SSFs market, then we should expect the adverse selection component of stock dealers' quotes to decrease on days when trading takes place in the SSFs market.
In Panel C of Table 6 we regress the underlying stock's lambda (the adverse selection component of the bid-ask spread) on the same right-hand-side variables as in Panel B. The results in Panel C show that lambda is similarly related to the explanatory variables with the exception of the number of trades, which has a negative association with lambda.
The results presented in this section suggest that the SSFs market contributes significantly, both statistically and economically, to the underlying stock market. We next consider how this benefit develops over time.
Calendar-time and listing-time behavior of SSFs information share
Anecdotal evidence suggests that there is a learning curve associated with new markets or securities. Specifically, it can be argued that when a new market first begins or a new security is first listed, the trading parameters will be inefficient (i.e., a wide bid-ask spread) due to a lack of familiarity with the market and/or security. In this situation, we would expect that as participants learn more about the market structure and its securities, the trading environment would improve.
In this section we provide direct tests of this hypothesis by examining the time trends of SSFs information shares, bid-ask spreads, and trading volumes. We conduct these tests in a couple of ways -in calendar time and in listing time.
Calendar time provides a test of market-level learning, whereas listing time (event time)
provides a test of security-level learning. Learning at the market level benefits all securities, in particular new listings since they will start on par with existing listings. On the other hand, security-level learning only benefits the individual listing since it requires new listings to learn certain things from scratch. Market-level learning captures the macro aspects of a market environment, whereas security-level learning captures the micro aspects that pertain to the particular security. A nearly identical pattern of change is present for the stock market percentage effective spread, whose average (volatility) decreases by 18.7 (74.2) percent (both differences are significant at the 1 percent level). Based on the coincidence of change among both the futures and stock spreads, it appears that learning in SSFs market translates into efficiency gains in the stock market.
As is the case with the information share, the SSFs average monthly share volume is not significantly different across the two periods. Average share volume in the first sixteen months is 8,282 while that in the last fifteen months is 8,693. Surprisingly, the volatility of share volume increases dramatically (an increase of 160 percent) and is different across the two periods at the 4 percent significance level. Although the SSFs share volume remains largely unchanged across the two periods, the average stock market share volume drops off considerably. Average stock market share volume decreases by 23.1 percent from the first sixteen months of SSFs trading to the last fifteen months of trading. The corresponding decrease in share volume volatility is 72.5 percent with both decreases significant at the 1 percent level.
Overall, Table 7 supports the idea that the SSFs market as a whole is learning, but it does not address the issue of whether individual SSFs listings experience a learning curve. Table 8 and The results in Table 8 In Tables 7 and 8 , we presented univariate evidence in support of learning in the futures market. Table 9 examines this issue using multivariate tests. Panel A of Table 9 reports the results of a regression of the information share on the ratio of volumes, ratio of spreads, ratio of the number of trades in the two markets, squared excess return on the stock (volatility), and event month. Based on arguments made previously and the results reported above, we would expect the coefficients of the volume ratio and trade ratio to be positive and those on the spread ratio and volatility to be negative. If there is learning over time, the coefficient of the event month should be positive. Our results indicate that the coefficients of volume ratio, spread ratio, and volatility are consistent with our expectations, and significantly different from zero. Finally, the event month coefficient is not significant indicating that there is no time trend in information share.
Panel B of Table 9 reports the results of a regression of the percentage effective spread in the SSF market on the volume ratio, trade size ratio, stock volatility, and event month. Based on the market microstructure literature, we would expect the coefficient of volume to be negative and the coefficients of trade size and volatility to the positive. The event month coefficient should be negative if the SSFs percentage effective spread narrows over time. Our results are consistent with the time trend in the percentage effective spreads exhibiting a learning curve.
Conclusions
This paper examines whether and to what extent single stock futures contribute to price discovery in their underlying stocks. We find that SSFs account for a significant 24 percent of the price discovery for underlying stocks. This is higher than the 17.9 percent found for equity options by Chakravarty, Gulen, and Mayhew (2004) . This difference is consistent with SSFs having a lower cost of trading than options. The information share of SSFs is greater on days when there is greater volume in the futures market relative to the underlying stock market, when spreads are narrower in the futures market relative to the underlying stock market, and when the volatility is higher in the underlying stock. Collectively, the results suggest that the SSFs market plays an important role in the price discovery for underlying stocks.
There is clear evidence that the underlying stock market benefits from the presence of the SSFs market. The informativeness of the underlying stocks improves substantially following the introduction of the SSFs market. Moreover, underlying stock market quality is greater on days with futures trading vis-à-vis days with no futures trading.
It is possible that market participants go through a learning period when first trading SSFs since they represent a new type of security. We expect a learning phase to appear as a trend or change over time in information share and effective spreads. The evidence suggests that there exists to some extent both market-level and security-level learning in the SSFs market which lead to greater efficiency over time. Based on this evidence we conclude that a liquid futures market makes a significant contribution to the price discovery process for underlying securities. This table contains where Exret 2 is the square of the excess return on the underlying stock relative to the S&P 500 index and other variables are as defined above. Respectively, ***, **, and * indicate significance at the 1%, 5%, and 10% level. All liquidity measures are cross-sectional averages of daily averages for a given month. Percentage quoted spread is the difference between the quoted offer and bid prices divided by the midpoint of the quoted offer and bid prices. Percentage effective spread is two times the absolute difference between the trade price and the midpoint of the quoted offer and bid prices divided by the midpoint of the quoted offer and bid prices. Share volume is the daily average number of shares traded in the stock market. Number of trades is the daily average number of transactions in the stock market. Trade size is the daily average number of shares traded in each transaction in the stock market. Volatility is the square root of the annualized average squared daily stock return. Lambda (a measure of information asymmetry) is estimated by regressing the natural logarithm of the change in the quote midpoint from t to t+1 on the signed natural logarithm of onehalf the effective spread at t (z t ). The coefficient estimate of z t is lambda (see Lin, Sanger, and Booth (1995) for a more detailed discussion). Difference in means is tested using a t-test and difference in medians is tested using a Wilcoxon test. Respectively, ***, **, and * indicate significance at the 1%, 5%, and 10% level. where Liquidity Measure is either the daily average percentage effective spread in the stock market (Panel B) or the daily lambda in the stock market (Panel C) , Trading Intensity in the underlying stock is proxied by either the natural logarithm of daily volume in number of shares (Ln Volume), natural logarithm of daily number of trades (Ln Number of Trades), or natural logarithm of average daily trade size in the stock market (Ln Trade Size). Exret 2 is the square of the excess return on the underlying stock relative to the S&P 500 index. Dummy is one on days with non-zero trading volume on the single stock futures market (Trade/No Trade Dummy). Percentage effective spread is two times the absolute difference between the transaction price and the mid-point of the prevailing offer and bid prices at the time of trade divided by the mid-point of the prevailing offer and bid prices at the time of trade. Lambda (a measure of information asymmetry) is estimated by regressing the natural logarithm of the change in the quote midpoint from t to t+1 on the signed natural logarithm of one-half the effective spread at t (z t ). The coefficient estimate of z t is lambda (see Lin, Sanger, and Booth (1995) for a more detailed discussion). Respectively, ***, **, and * indicate significance at the 1%, 5%, and 10% level. This table presents where all variables are as defined above. Respectively, ***, **, and * indicate significance at the 1%, 5%, and 10% level. 
